ABSTRACT Rats frequently develop various tumors, many of them malignant; the majority of tumors in the females develop in the mammary glands. In primary spontaneous tumors and lymphomas virus particles cannot be found on electron microscopic examination; transmission of the tumors by filtered extracts has not been successful. In our colonies of SpragueDawley rats the incidence of tumors was 22% in females and 5% in males; in Long-Evans rats the incidence of tumors was 28% in females and 10% in males. In (Sprague-Dawley X Long-Evans) F1 hybrids the incidence of tumors was 67% in females and 32% in males, about twice as high as in the parental strains. Fractionated total-body x-irradiation (150 rads five times at weekly intervals) (1 rad = 0.01 gray) increased the incidence of tumors in Sprague-Dawley rats from 22% to 93% in females and from 5% to 59% in males. In Long-Evans rats, irradiation increased the incidence of tumors from 28% to 63% in females and from 10% to 42% in males. The incidence of malignant tumors was almost twice as high in irradiated Sprague-Dawley and Long-Evans rats as compared with nonirradiated animals of the same strains. Partial shiielding during irradiation had no significant effect on the incidence or on the forms of tumors developing in the irradiated animals. In striking contrast to results of experiments carried out on mice, the incidence of leukemia andlymphomas was not increased in the irradiated rats, as compared with control animals.
Tumors frequently develop in rats; they are particularly common in females, because many of them originate in the mammary glands. Approximately 30% of these tumors are malignant; however, even those that may be considered benign on pathologic examination grow progressively to a large size and contribute to an early death of the animal, particularly because two or three tumors frequently develop in short sequence in the same animal. Most of the spontaneous tumors in rats are fibrous and difficult to dissect. With very rare exceptions, the primary spontaneous rat tumors and primary rat lymphomas do not reveal virus particles on electron microscopic examination and cannot be transmitted by filtered extracts to other rats. The general incidence of spontaneous tumors observed in rats in different laboratories varies considerably according to the strain of rats, sex, and length of observation (1) (2) (3) (4) (5) (6) (7) (8) . The incidence of spontaneous leukemia and lymphomas in rats is relatively low.
In this study we have observed Sprague-Dawley and Long-Evans rats bred in our laboratory for the development of tumors and lymphomas. As a working hypothesis, we have assumed that these tumors and lymphomas, like those observed in mice, are caused by oncogenic viruses. In an attempt to study the congenital transmission of the hypothetical agent presumably responsible for the development of these tumors, we have mated Sprague-Dawley rats to Long-Evans rats and have observed F1 hybrids born to such parents for the development of tumors and lymphomas.
We have also submitted rats of both strains to fractionated total-body x-irradiation in an attempt to increase the incidence of tumors lum-cell sarcoma; 18 other rats developed various tumors at ages varying from 7 to 19 months. In this group two females developed fibroadenomas of the breast; one of these animals also had carcinoma of the ovary and kidney, and the other had a mixed malignant tumor of the salivary gland. One female developed carcinoma of the breast and three other females developed adenomas of the breast. One male developed a large hemorrhagic benign tumor of the mammary gland. Most of the remaining animals in this group developed subcutaneous sarcomas; some were fibrosarcomas and others were difficult to classify. One rat developed a leiomyoma, and another developed a rhabdomyosarcoma. Among the tumors that developed in the irradiated rats, six were examined in* the electron microscope (four soft-tissue sarcomas in males and two fibroadenomas of the mammary glands in females); no virus particles were found in any of the specimens examined.
Thus, total-body x-irradiation of Sprague-Dawley and Long-Evans rats did not increase the incidence of leukemia or lymphomas, but caused the development of a high incidence of various tumors in the irradiated animals. The incidence of malignant tumors was twice as high in the irradiated rats as that observed in nonirradiated rats of the same strains.
No Apparent Effect of Partial Shielding. Partial shielding of Sprague-Dawley rats, protecting tails and both hind legs from irradiation, did not have any significant effect on the results of total-body x-irradiation. Among six shielded rats that received four consecutive irradiations of 150 rads each, five developed tumors, an incidence similar to that observed among six unshielded control rats that received the same dose of irradiation in this experiment. In another experiment, among 25 rats that received two consecutive irradiations of 250 rads each, 12 developed tumors (48%); among 20 control unshielded rats that received the same dose of irradiation, 13 developed tumors (65%).
DISCUSSION
Rats frequently develop spontaneous tumors; only rarely do they develop leukemia or lymphomas. This observation has been made in several laboratories on different strains of rats (1) (2) (3) (4) (5) (6) (7) (8) . Rats of the Sprague-Dawley and Long-Evans strains bred in our laboratory also develop a high incidence of tumors; most of the tumors develop in females. About 28% of them are malignant. Leukemia and lymphomas develop only in rare instances.
We were surprised to find that the incidence of spontaneous tumors could be increased considerably by cross-mating Sprague-Dawley with Long-Evans rats, particularly when the mother is of the Sprague-Dawley strain. Attempts to detect virus particles in these tumors or to transmit these tumors by cell-free extracts did not succeed.
Total-body x-irradiation had a definite carcinogenic effect because it practically doubled the incidence of tumors (but not that of leukemia) in the irradiated rats of both strains. The development of tumors in rats after x-irradiation has been observed in several other laboratories (9) (10) (11) (12) .
In our study on the effect of total-body radiation on Sprague-Dawley and Long-Evans rats, we were impressed by the high incidence, multiplicity, and variety of tumors developing in the irradiated rats, which contrasted sharply with the substantially lower incidence of spontaneous tumors recorded in untreated rats of the same strains. It was also of considerable interest that the incidence of leukemia and lymphomas was not increased in the irradiated rats, whereas, in previous studies (13) (14) (15) as well as in our own earlier experiments (16) carried out on mice, a similar total-body x-irradiation increased dramatically the incidence of leukemia and lymphomas in mice of several (but not all) inbred lines of that species (14, 16) . Radiation-induced leukemia in mice was subsequently found to be caused by a virus (17, 18) which could be passed serially in newborn mice, inducing leukemia and lymphomas in that species (19) .
The origin of tumors developing "spontaneously" in successive generations of Sprague-Dawley and Long-Evans rats and in their hybrids is unknown. As a working hypothesis it would be possible to postulate that these tumors are caused by oncogenic viruses transmitted from one generation to another. It may be of interest to mention at this point that type C virus particles have been detected in the placenta of rats (20) . The origin and significance of these particles remain obscure. They are indistinguishable from type C virus particles found regularly in lymphomas, sarcomas, and certain other malignant tumors in several animal species, such as mice, cats, chickens, etc. Would it be possible to theorize that the virus particles detected in rat placenta have a causal relationship to the development of certain malignant tumors and lymphomas in that species?
Electron microscopic examination does not reveal the presence of virus particles in spontaneous rat tumors and rat lymphomas; furthermore, transmission by filtered extracts of these tumors does not usually succeed. However, we have learned from previous studies that bovine lymphosarcoma, for example, or certain tumors known to be caused by transmissible viruses, such as adenoviruses, simian virus 40, or polyoma virus, do not necessarily contain virus particles detectable on electron microscopic examination; moreover, they cannot be transmitted by filtered extracts, except under limited and often only accidentally discovered experimental conditions (21) . Unless and until such conditions have been determined, the assumption that spontaneous tumors and lymphomas in rats are caused by viruses will remain only a working hypothesis.
